Typical and worst case channel path loss, RMS delay spreads, and excess delay spreads (1OdB down) at 9OOMHz in four European cities using typical cellular and microcellular antenna locations are presented. It is shown that a change in reference distance from 1 km to lOOm can change the perceived propagation power law exponent from 3.0 to 2.7, where free space propagation is assumed from the transmitter to the reference distance. This is a significant result, since the path loss directly affects the frequency reuse eficiency in CDMA spread spectrum systems. Measured data show that for microcellular sites, RMS delay spreads are less than 2ps, with excess delay spreads (10dB) less than 6ps. At typical cellular locations with high base antennas, RMS delay spreads are generally less than 8ps and excess delay spreads (1OdB) are less than 16ps. Worst case measurements resulted in a RMS delay spread of 1 9 . 6~~ and an excess delay spread of 5 1 . 3~~.
Measurement apparatus
The measurement apparatus is identical in structure to that used in Reference 3. A 50W peak, 942.225 MHz, 500 ns pulse modulated carrier was transmitted from the mobile at 100ps repetition period. The base station receiver detected the pulses and stored the impulse response estimates on a personal computer. Receiver dynamic display range was 30dB. The maximum path loss which could be measured by the system was 131dB. Over 5000 local worst case power delay profiles were recorded at a variety of vehicle speeds at locations where anticipated car phone usage and pedestrian traflic is high.
Time dispersion: RMS delay spreads in suburban areas of Hamburg, Stuttgart, and Dusseldorf were usually less than 2 p s using antenna heights representative of cellular and microcellular base stations. These cities are not surrounded by mountains, and have terrain very similar to cities on the east coast of the US. The RMS delay statistics are similar to those for eastern US c i t i e~.~ Measurements were made at three locations in Frankfurt, a large metropolitan market with a noticable skyscraper cluster. A typical microcellular receiver location, in terms of coverage distance, and antenna height was at the PA building. Shadowing from surrounding buildings and large trees caused the measurement range to be less than 1.5km. These measurements show that in some parts of Frankfurt, severe multipath time delay spread is rare because of shadowing of outlying potential reflectors.
A typical cellular receiver location in Frankfurt was the bank building in the downtown financial district. Mobile operations for the bank building tests were often within a 3 4 km range surrounded by 5-6 storey tall apartment buildings. Fig. 1 shows the actual received peak power of a worst case profile which has a RMS delay spread of 8.1 ps. In addition to several distinct Daths which arrive within the first 5 us.
there are a cluster of multipath components at 16 to 18ps with amplitudes larger than the direct component which are caused by reflections from a group of buildings about 2 km behind the bank building.
The Kronberg apartment building, 10 km outside of Frankfurt, was a typical cellular base station location with an antenna height of 50m. Surrounding mountains and a clear shot to downtown Frankfurt made for some worst case measurmeents as shown in Fig Path loss: The received power in a particular measurement was referenced to the power received during calibration runs with the transmitter and receiver connected back-to-back. Absolute received power and channel path loss were computed for each measured profile. Received power can alternatively be measured relative to the power received at a reference location do metres away from the transmitter.6 The power received in a wideband profile is the area under the power delay profile,8 which is usually dominated by the earliest arriving pulse for LOS conditions. An average path loss law of the form (did,)", and the standard deviation about the average, B, have been computed from the data. Urban and rural mobile radio channels have n values which range from 2.2 to 4.5 when CW measurements are made (n = 2 for free For proposed CDMA systems, the propagation of resolvable components, and not the CW path loss is important. We provide path loss propagation laws for wide band signals. While previous researchers have used do as 1 km, we have made several measurements that have T-R separations less than 1 km. Indeed, for emerging microcellular communication systems, a 1 km reference distance is pointless. Fig. 3 shows the best linear fit (solid line) to the data and indicates that the overall average path loss increases with distance to the 2.7 power. The power law curves are shown as dotted lines for n values = 1, 2, 3, 4 and 5 are referenced to a All measurement locations Sigma = 11.8dB Path loss is referenced to 71.9dB free space path loss at lOOm free space propagation distance of 100m. When the reference distance, d o , is changed from lOOm to 1 km, the resulting power law becomes n = 3.0. This demonstrates the effect that the reference distance can have on propagation path loss models, and the impact of the reference distance used in modelling path loss. Table 1 shows the statistics of the measured data for each of the different base receiver locations at a lOOm reference distance, and the ensemble statistics for reference distances of lOOm and 1 km. Notice that the channel path loss exponent n at the PA building is 3.8 as compared with values between 2.1 and 2.8 for the other sites. With a wideband characterisation technique, power law exponents can have values less than three, as opposed to a value of four typical for CW measurements that cannot resolve the direct path and reflected paths. The fact that better than d4 propagation occurs in many cellular channels actually reduces the capacity of CDMA systems.
Conclusion : Preliminary results of a propagation measurement campaign which explored the path loss and time dispersive characteristics at local worst case locations of 940MHz cellular and microcellular mobile radio channels in Europe have been presented. RMS delay spreads, excess delay spreads (10dB down) and mean path loss have been computed from wide band measurements. The data set is a good representation of what the overall worst case delay spread channels are likely to be in a particular market. Overall time dispersive channel characteristics are likely to be somewhat tamer than are portrayed by these data. The effects of reference distance do on wideband path loss and the propagation power exponents for cellular and microcellular channels has been given. Introduction: It is predicted that fluoride glass fibres will show minimum losses of the order of 0.01 dB/km in the wavelength range of 2.55 pm.' Various approaches to realise light sources in this wavelength range have been made by using some 111-V and IV-VI compound semiconductor heterojunction lasers.'-, junction Iasers.'P6
Recently, PbS/Pb, -,Sr,S double-heterostructure lasers were prepared by hot-wall epitaxy., Pulsed laser operation up to 245 K has been attained at the wavelength of 2.97 pm. But it is not possible to emit a laser at a wavelength of 2.55pm at room temperature by using this double-heterostructure, because the band gap energy of the active layer PbS is 0.42 eV at room temperature.
In this letter we report on the preparation, photoluminescence and laser properties of a PbS/Pb,-,Sr,S multiquantum well device to obtain 2.55pm laser operation at room temperature.
Experiments: The detailed procedures to fabricate the multiple quantum wells were same as those described in our previous paper.' Elemental Pb, Sr ana S sources were used and a T1 source was used as a p-type dopant.
The substrates were (001)-oriented wafers of 5 x 5 mm' area cut from nondoped n-type PbS crystals. The epitaxial layers were grown at a substrate temperature of 250°C. The thickness of the Pb,-,Sr,S and PbS layers were estimated from RHEED intensity oscillation during growth.
The photoluminescence was measured using a 1.45pm line of an InGaAsP laser. Broad area lasers were fabricated using the multi-quantum wells. Contacts of evaporated Au on the p-type side and evaporated In on the n-type side were applied. The laser devices of 0.4 x 0.15mm' area and 0.3mm thickness were prepared by cleaving on all four sides. The temperature dependence of the laser properties was measured using a He closed-cycle refrigerator. The pulsed data were taken with 1 ps pulses and a 13 Hz repetition rate.
Results and discussions : The photoluminescence from the multi-quantum wells and from the PbS reference was observed clearly at temperatures below 200 K. The sample is composed of multi-quantum wells each of eight periods of PbS well/Pb,.,,Sr,.,,S barrier of 12/12, 25/12 and 50/12 atomic layers and 1.0pm thick PbS bulk reference clad with 1000 A thick Pb,.,,Sr,.,,S layers grown on a substrate. The temperature dependence of each luminescence peak photon energy is shown in Fig. 1 . Theoretical curves for the emission photon energy calculated from a Kronig-Penney model are also shown in Fig. 1 . The conduction and valence band carrier effective masses in the wells and barriers were assumed to be equal to the respective carrier effective masses of PbS bulk. The relative magnitudes of the conduction and valence band discontinuities are not known, so that these values are assumed to be equal. In general, these factors should have m i o t ; r r e l x r ern-11 eser-te An the emiacinn nhntnn c=ner(nc=c The values of the measured photon energy nearly correspond to those of the calculated photon energy. Then we find Pb,.,,Sr,.,,S layers grown on a PbS substrate Theoretical curve (solid curves) are shown simultaneously that the interdiffusion of constituent components of the multiquantum wells is probably negligible, which resulted in the discrepancy between the measured and calculated photon energy in the case of photoluminescence of PbS/ Pb, -,Cd,S, -Se, single quantum wells grown by molecular beam epitaxy! From the results, it becomes evident that the multi-quantum well composed of 25 PbS atomic layers well and 12 Pb,.,,Sr,.,,S atomic layers barrier is suitable for 2.55pm laser emission at room temperature.
Separate confinement type broad-area laser diode with 2000
A thick Pbo.,,Sr,.,,S guide layers and a active layer composed of eight 25 atomic layer PbS wells separated by 12 atomic layers Pb,.,,Sr,.,,S barriers was fabricated. The confinement layers are Pbo.,,Sr,.,,S with thicknesses of 3 pm. The first confinement, guide and active layers were n-type (asgrown) and second guide and confinement layers were p-type (Tl-doped). The carrier concentration of each guide and confinement layers were about 5 x 10'8cm-3 at room temperature in both cases of n-type and p-type. The temperature dependence of the lasing wavelength is shown in Fig. 2 . The lasing spectrum is multi-mode and the wavelengths of the most intensive mode are plotted in the Figure. The lasing wavelength corresponds to that of the photoluminescence. The temperature dependence of the threshold current density of the laser diode is shown in Fig. 3 . The threshold current density is almost constant below 90 K, but increases rapidly with increasing temperature above 90 K. The maximum operating temperature is 135K, which is lower than that of the PbS/Pb, -,Sr,S double-heterostructure lasers. Although with the change in composition the energy gap at 300K changes rnntinnniirlv frnm i b A 7 -V fnr P h C tn A .~P V fnr CrC the
